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Abstract 
• • The array factor (AF) describes the electromagnetic radiation characteristic of an array of numerous small antenna 
elements; the antenna composed of these plural elements is called an array antenna. The AF concept can be applied not 
only to antenna characteristic theory but also to the image processing method discussed in this paper. Synthetic aperture 
radar (SAR) is a typical imaging method for microwaves. In this method, the transmitting and receiving antennae are 
moved in a wide area to generate an equivalent large antenna, and the reflected signal is processed to obtain an image 
with high resolution based on the beam with higher sharpness. In general, SAR systems tend to be large and have 
advantages for distant targets such as satellite SAR and earth mapping. 
    On the other hand, AF theory superposes the signals received from each element in consideration of the path 
difference, which is the phase variation between the transmitting and receiving elements via the target scatterer. 
Therefore, unlike SAR, a focal point of the array can be obtained, allowing short-range targets to be imaged with high 
resolution. However, both methods are equivalent for image processing through Fourier theory. In this paper, the authors 
will review previously published articles and discuss various applications and future prospects, such as equivalent 
complex-permittivity measurements, wall-through radar, and near-field to far-field transformation methods. 
キーワード;アレイファクター , レーダ画像 , アレイアンテナ , 合成開口レーダ , 誘電率計測 ,
壁透過レーダ, 近傍電磁界遠方変換, 幾何光学解説理論, MIMO レーダ 
Keyword; Array-factor, radar imaging, array antenna, synthetic aperture radar, focusing, permittivity measurement, 
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Fig.1 Phase differences induced in equi-pitched
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ψmn=k {dx(m−1)+δx ·mod(n, 2)}u+kdy(n−1)v. (3)















an exp {(jαn+βn)} ,
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βm= −k {dx(m− 1) + δx ·mod(n, 2)}u0,
























2 m,n=1, 2, · · ·
xm=dx {m−1}+δx ·mod(n, 2), yn={n− 1} dy (2)
mod(a, b) a/b
mod(n, 2) 0 1 x y










ψmn=k {dx(m−1)+δx ·mod(n, 2)}u+kdy(n−1)v. (3)















an exp {(jαn+βn)} ,
αm= k {dx(m− 1) + δx ·mod(n, 2)}u,
αn= kdy(n− 1)v,
βm= −k {dx(m− 1) + δx ·mod(n, 2)}u0,





























Am · δ(r− rm). (5)
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Fig.3 Radar configuration in AF focusing. Note
the different m,n from Fig.2.
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Fig.4 Diffraction of a line source by conducting
strip: coordinates of observation and source.
-5
, : E- , : H-
Fig.5 Scattering near-field of a line source by a
conducting strip: upper:E-wave, lower: H-wave.
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Fig.6 AFF image by UAT and PO.
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Fig.11 Near-field patterns for 2-face corner-reflector.
-12 2 UAT















Fig.13 Theoretical and measurement patterns of horn antenna for AFF measurement.
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Fig.13 Theoretical and measurement patterns of horn antenna for AFF measurement.
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εµ (ω=2πf, f: )
N
k1 sin θ1= k2 sin θ2 = · · · = ki sin θi = · · ·
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Fig.15 Transmission measurement of a concrete wall (plan view): Effectiveness of length compensation.
-16 1 AFF , , 1
,
Fig.16 AFF iage comparison, left: no wall, middle: with a concrete wall, no compensation, right: after
compensation.
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Fig.17 Variation of cross-section at image peak-
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Fig.18 Concrete wall for measurement.
-19 3 AFF
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Fig.19 3-layered AFF image, upper: no compensa-
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Fig.20 Variation of cross-section in peal-level
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Fig.21 Wide-area AFF image including anechoic
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Fig.23 Parameters for AFF image simulation.
-24 R , R =
5λ(0.37 m), 0λ(0.74 m), 20λ(1.11 m), 50λ(3.7 m)
Fig.24 Strip image variation due to distance between antenna and target, R =
5λ(0.37 m), 0λ(0.74 m), 20λ(1.11 m), 50λ(3.7 m) from left.
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Fig.25 Strip image variation due to antenna aperture size D, R =
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Fig.25 Strip image variation due to antenna aperture size D, R =
5λ(0.37 m), 10λ(0.74 m), 20λ(1.11 m), 50λ(3.7 m) from left.
-26 d , d = 0.5λ, 1.0λ, 2.0λ, 5.0λ
Fig.26 Strip image variation due to antenna element pitch, d = 0.5λ, 1.0λ, 2.0λ, 5.0λ from left.
-27 θ , θ = 5◦, 15◦, 30◦, 45◦
Fig.27 Strip image variation due to plate angle θ, θ = 5◦, 15◦, 30◦, 45◦ from left.
-28 fc , fc = 1 GHz, fc = 3 GHz, fc = 5 GHz, fc = 10 GHz




-29 B , B = 0.5 GHz, 1.0 GHz, 2.0 GHz, 3.0 GHz
Fig.29 Strip image variation due to band-width, B = 0.5 GHz, 1.0 GHz, 2.0 GHz, 3.0 GHz from left.
-30 fd , fd = 1.4 GHz, 0.7 GHz, 0.35 GHz, 0.2 GHz
Fig.30 Strip image variation due to band-width, fd = 1.4 GHz, 0.7 GHz, 0.35 GHz, 0.2 GHz from left.
♠
−42−
小林　弘一
